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We attempt to assess the publication impact of a digital library (DL) of aerospace
scientific and technical information (STI). The Langley Technical Report Server (LTRS)
is a digital library of over 1,400 electronic publications authored by NASA Langley
Research Center personnel or contractors and has been available in its current World
Wide Web (WWW) form since 1994. In this study, we examine calendar year 1997
usage statistics of LTRS and the Center for AeroSpace Information (CASI), a facility
that archives and distributes hard copies of NASA and aerospace information. We also
perform a citation analysis on some of the top publications distributed by LTRS. We
find that although LTRS distributes over 71,000 copies of publications (compared with
an estimated 24,000 copies from CASI), citation analysis indicates that LTRS has
almost no measurable publication impact. We discuss the caveats of our investigation,
speculate on possible different models of usage facilitated by DLs , and suggest
“retrieval analysis” as a complementary metric to citation analysis. While our
investigation failed to establish a relationship between LTRS and increased citations
and raises at least as many questions as it answers, we hope it will serve as a invitation
to, and guide for, further research in the use of DLs.

Introduction

The National Aeronautics and Space Act of 1958 created NiA@A its predecessoithe National
Advisory Committee for Aeronautics, and charged the new administration with:

“The aeronauticabnd spaceactivitiesof the United Statesshall be
conductedso as to contribute ... to the expansionof human
knowledge of phenomenain the atmosphereand space. The
Administration shall provide for the widest practicable and
appropriate dissemination afformationconcerningt activitiesand
the results thereof.”

NASA reportson its activities both throughthe traditional scientific literature and its own report
series. Alargebody of work existsdocumentingproductionof this information, its consumption
by the aerospace communityaw/hole andasindividuals, its relationto foreign analogsandits
impact on economic and public policy (Pinelli, et al., 1997). However, a significant portiois of
work was performed prior to the prevalence of the Internet, World Wide(W&¥W), anddigital
libraries (DLs). As late as 1994, WWW usagefor STI applicationsby the aerospaceommunity
was still somewhattare (Roper,1994), and Bishop’s (1997) focusedstudy of computemetwork
use occurred in 1993A later study (Kennedy,Pinelli, & Barclay,1997)on the full spectrumof
informationuse(coveringyears1995 and 1996) found significant WWW usagein the aerospace
community, but their study did not focus specifically on WWW or DL usage.

Given the tremendous proliferation of the WWW, wish to examineNASA STI usagefrom the
perspective opotentialimpactof DLs that havebeenfacilitated by the universalityof WWW. A
1990 survey showed that traditionally low accessibility of NASA literature did not intpedleise
by the aerospaceommunity(Barclay, Pinelli & Kennedy,1997). However,in that survey, the
highest percentage method for discovery and use of NASA STI was frompemstalcollection
of STI. Our hypothesiss that DLs will makeit easierto gain awarenessinduseof NASA STI,



and possibly play a significant role in creatingand augmentingone’s personalstore of STI
(“bookmarking”files, printing themout, etc.). A follow-up surveyconcerningthe respondents’
attitudestoward and self-perceivedusageof DLs would be useful, but our efforts describechere
are attempts to measure actual usage and dissemination.

Use and Dissemination of NASA STI

Measuring use and dissemination of STI is inheredhitfjcult. The commonapproachs to make
a numberof simplifying assumptiondo makethe problemtractable. For example,“use” of a
document is often measured by citation analysis, even though the limitations of eitetipsisare
well known (Garfield, 1979; Lindsey, 1989; SchuberB&un,1993). In the absenceof a more
compellingmetric, citation analysisremainsthe best commonly availableindicator of usage. In
measuringdissemination,measurements almost always limited to primary dissemination.
Secondary, or “collegial”, dissemination is difficult to estimate, much less measure.

STl Use

One of the greatest weaknesses of the traditional science citation methodolbgiémited scope
of the citation index. The definitive tool for conductingcitation analysisin the sciences,the
Institute for Scientific Information Science Citation Index (SCI), tracks only citaimotige journal
literature. It does not consider works cited in technical repartderencgoroceedingsbooks, or
electronicliterature.This is significant, especiallybecausewvorks publishedin one format often
tend to cite works published in a similar format. For exampMASA technicalreportoften cites
a numberof otherNASA technicalreports,electronicjournal articlescite other electronicjournal
articles, etc. Since these types of works are not covered by the dmaksxes,their impactis not
well understood. Citation analysismust be augmentedvith other methodsto accuratelyreflect
usage of itemsiot well representedh the citation indexes;for example books, technicalreports,
conference proceedings, and electronic documents (Cameron, 1997).

Another issue with citation analysisis uncertainty about what citation counts measure. The
importanceof citation countsin determininga scientific author's"success'varieswidely among
different fields and disciplines. There is also much about the meanaitgtain ratesthat remains
unknown: dothey measurequality of scientific performancepr interestin a particulartopic, or a
combination of those things? If a paper is not cited, does this meanishait low quality or little

interest to other scientists? “Uncitedness” is a controversial wpicredby a reportthat 55% of

STl literaturedoesnot receivea single citation within 5 yearsof publication (Hamilton, 1990).
There are severalrefutationsand extensionson this subject (Schwartz,1997) and the exact
numbers are a subject of debate, but we simply asthahencitednes®ccursat somesignificant
level. Methodological papers in the sciences are often not higkly, nor are"obvious, classical”
works that authorsleave out becausehey are so well known (Garfield, 1979). Thereis also
evidence that supports the claim that albtitationsshouldbe considered’good”; somecitations
have more complex motivations such as negation or refut@iitatRoberts8& MacRoberts1984;
Brooks, 1986). Although citation analysis provides a measuaenvairk's impacton the scholarly
community, it is only one element in a spectrum of factors that should be considered.

Figure 1 illustratesthe problem of citation analysisusing the ScienceCitation Index. If we
consider the set of all citations in all STI works, a subssdmgainedwithin the scopeof the SCI,
and anothersubsetrepresentgitationsto NASA literature. We know the cardinality of the SCI
set,andwe canmeasurdhe intersectionbut the SCI and NASA sets, but the cardinality of the
universal set and the NASA set are unknown.
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Figure 1. The Universal Citation Space

Despite the limitations associated witie theory and practiceof citation analysis,it hasbecomea
standardmetric for determiningimpact, both for the utility of what it measuresand due to the
absence of a widely accepted rival or companion metric.

STI Dissemination

Before NASA STI can be put to use, ttendidateusermustbe awareof it andhaveaccesdo it.
We partition the methods of NASA STI dissemination as follows:

- Hard Copy (paper and microfiche)
- Official (CASI orders, initial mailing list)
- Unofficial (photocopies, collegial distribution)
- Soft Copy (any digital format)
- Official (digital library)
- Unofficial (collegial distribution of digital formats, mirrors of DLS)

Actual numbers are given in the following sections, but wensakeseveralgeneralobservations.
In hard copy distribution, thefficial numbersarelow andhavenot changedover the last several
years. The unofficial hard copy distribution numbers are unknown, but agaimstinereesasonto
suspectthe numbers have changedsignificantly over the last severalyears. In soft copy
distribution, most DLs beganin 1993 or after, and did not become commonly used in the
aerospace industry until aftd®94. NASA DL usageincrease®veryyear,andit is reasonablé¢o
assumehat DLs havemadeNASA STI both morereadily availableto pre-DL NASA STI users,
and may havealsomadeNASA STI availableto thosethat did not useprior to its availability in
NASA DLs. Numbers for unofficiasoft copy distribution, like unofficial hard copy distribution,
are unknown. However, we can assuimg WWW andimprovedword processingechnologies
have made it easier for authors to informally share pre-prints and re-prints.odds@an item has
beenretrieved from a DL, its existencein digital format could also increasethe number of
unofficial disseminations it receives.

Of the four methods dbTI disseminatioroutlinedabove,two (unofficial soft and hard copy) are
unknown and probably unmeasurable. A third (official hard caplghown, but small and static.
The fourth (unofficial soft copy — DLs) is measurablegrowing annually,and posts much larger
numbersthan official hard copy distribution. As such,the remainderof this paperwill focuson
the impact of DLs on use and dissemination. In particular, we foctieeampactof a NASA DL



on citation analysis, and the comparisonof NASA DL disseminationversus hard copy
dissemination.

Langley Technical Report Server

With the WWW as arenablingtechnology,DLs havebecomean invaluableresourcefor authors,
researchers, and institutions alike. While a fully integrated, multi-discigtieatific andtechnical
information (STI) DL hasyet to emerge therehavebeena numberof production-qualityDLs in
usefor severalyears, mostly segregatedlong institutional and discipline boundaries(Esler &
Nelson, 1998).

NASA's digital library, the NASA Technical Report Server (NTRS), has grown since its
beginningsin 1994 (Nelson, et al., 1995). NTRS today servesan important role in the
distribution of scientific and technical information for the Agency. It provaient-endinterface
to 20 separate digital library collections, whiallude over 3.3 million abstractsand over 40,000
full text reports.

The Langley TechnicalReport Server(LTRS) is one of the digital library collections available
through NTRS, and was the predecessoto the NTRS (Nelson & Gottlich, 1994; Nelson,
Gottlich, & Bianco,1994). LTRS containspapers reports,and other materialsproducedby the
scientists and researchers at the NASA Langley Research CéhetTRS segmenbf NTRS is
the focus of this paper.

We comparethe usageof a digital library collection (LTRS) with the usageof a traditional
document delivery service. There are four components to this study. First, we deteemnisege
of documentscontainedin LTRS basedon WWW accessstatistics.Second,we determinethe
impact of the most frequently accessed items, based on citation analysigiish to determineif

the visibility of digital documentsncreasesheir citationrate. Third, we draw conclusionsabout
disseminatiorchanneldor NASA scientific and technicalinformation, basedon analysisof the
dataand comparisonswith traditional documentdelivery serviceswithin NASA. Finally, we

suggest a new publication metric techniqe&jeval analysisto complement the traditioneitation
analysis.

NASA STl Program

NASA's STI Program, establishéal supportthe acquisition,archiving,and disseminatiorof the

information producedby NASA, providesthe main distribution mechanismfor the technical
reportsandrelatedworks that originatefrom NASA Headquarterand NASA's 15 field centers
and offices acrossthe United States. The NASA Centerfor AeroSpacelnformation (CASI), a

componenbf the NASA STI Program,servesasthe archivaland documentdelivery facility for

literature availablethrough NASA. It is the NASA equivalentof the Departmentof Defense's
Defense Technical Information Center (DTIC) dahd Departmenbf Energy'sOffice of Scientific

and Technical Information (OSTI)CASI providesaccesdo bibliographicdataon NASA reports
throughits online system, RECON, and distributes hard copies of NASA reportson a cost
recoverybasis. Documentscanbe orderedvia automaticdistribution (i.e., an organizationmay

choose to receive all of NASA's reports individually or in a certain series or subject area).

In addition to the documentdelivery servicesoffered through the NASA STI Program, other
vehiclesfor disseminatingNASA information havedevelopedgspeciallysince the adventof the
Internet and the World Wide Web, for example: NASA Image Exchange (NIX) serving
photographicimages, COSMIC serving software, and the NASA Technical Report Server
(NTRS), serving technical reports. Becausethey map closer to traditional document



disseminationour focus will be on the componentof NTRS. Table 1 providesthe Uniform
Resource Locators (URLS) for these services.

Table 1. NASA STI DLs

Digital Library STI Type URL
NASA Image Exchange | Images http://nix.nasa.gov/
COSMIC Software http://www.cosmic.uga.edu/
(defunct as of 7/24/98; no replacement at tohg
writing)
NASA Technical Report | Publications http://techreports.larc.nasa.gov/cgi-bin/NTR$
Server

Although NTRS provides one interface to 20 different digital library collections, the segigitete
library collections can also be searched independentiyT&S. NTRS andits componentsisea
World Wide Web interfacewith a WAIS (Kahle et al., 1992) searchengine,which accesseshe
abstracts and bibliographic information for the available iteli¥hiena usersubmitsa search the
guery is passedn parallelto eachdatabaseserver. The databaseserverswill return the query
resultsto the NTRS interface, which presentsthe resultsfor the userin Hypertext Markup
Language (HTML) format. The results list includes the bibliogragatafor eachitem with links

to whateverfull text versionsareavailable. Most full text documentsare availablein PostScript
(PS), Portable Document Format (PDF), or HTML format and many are available in mooa¢han
format. Table 2 gives a summary of NTRS databases and their content.

The materialavailablethrough eachNTRS node varies widely, from bibliographic dataonly to
partially completepublications(i.e., somefigures missing),to completefull-text publications.As
of May 1998, there were over 1400 reportsavailableonline throughLTRS. LTRS’s holdings
include: NASA formal reports,NASA “quick-release”reports,NASA conferencepublications,
contractor reports, journal pre-prints, conference pre-prints and re-prints, and theses and
dissertations of NASA staff members.



Table 2. Summary of NTRS Databases (May 1998)

Server Responsible Approximate | Approximate Subject
Name Organization Number of Number of Areas
Abstracts Full Reports
Ames Technical Reports Server NASA Ames Research Center 100 100 Aerospace
(ATRS)
Astronomy & Astrophysics NASA Astrophysics 390,000 40,000 astronomy,
Data System astrophysics
Dryden Technical Reports Server | NASA Dryden Flight Research Centel 200 130 Aerospace
(DTRS)
GISS Publications Online Goddard Institute for Space Studies | 800 60 space science
Goddard Technical Reports Servef NASA Goddard Space Flight Center | 100 3 space sciencq
(GTRS)
ICASE Publications Institute for Computer Applications in | 350 350 computer
Science and Engineering science,
mathematics
JPL Technical Reports Server Jet Propulsion Laboratory 4,100 4,100 space sciencq
(JPLTRS)
Johnson Technical Reports Servel] NASA Johnson Space Center 75 15 space science
(JTRS)
Kennedy Technical Reports Servey NASA Kennedy Space Center 10 10 launch
(KTRS) vehicles
Langley Technical Reports Server] NASA Langley Research Center 1,400 1,400 Aerospace
(LTRS)
LANL Astrophysics NASA Astrophysics Data System 2,000 2,000 Astrophysics
E-Prints
Lewis Technical Reports Server NASA Lewis Research Center 2,200 250 Aerospace
(LeTRS)
Marshall Technical Reports Serve]l NASA Marshall Space Flight Center | 300 300 space sciencs
(MTRS)
NACA Reports -- Abstracts NASA Langley Research Center 13,000 0 Aeronautics
NACA Reports Server NASA Langley Research Center 400 400 Aeronautics
Physics and Geophysics NASA Astrophysics Data System 280,000 0 physics,
geophysics
RECONSselect NASA Center for Aerospace 2,200,000 0 all disciplines
Information
Selected Current Aerospace NoticeNASA Center for Aerospace 2,000 0 all disciplines
(SCAN) Information
Space Instrumentation NASA Astrophysics Data System 477,000 0 physics, space
science
Stennis Technical Reports Server | NASA Stennis Space Center 2 2 life sciences
(STRS)

M ethodology

NTRS is an interface to 20 separate @illectionsand hasno holdingsof its own. As a resultof
this distributedarchitectureand the hypertexttransferprotocol (http), thereis no centrallog of
which reports have been accessed. NTfa&kssearchesbut only the archiveholding the actual
electronic copy of the publication will logratrieval of the publication. While it would havebeen
preferable to perform this study using all the nodes in NTRS, we seleti®s for study because
we had immediate access to the log files.

Table 3 compares the profiles of LTRS and CASI. CASI provides access to 3ajrdegnitude
more documents than LTRI.TRS hasno restricteddocumentsand doesnot chargefor access
to the documents. Presumablyno accesschargeand the convenienceof electronic retrieval
contribute to LTRS having roughly 3 times as many documents distributed. All nuimb&ASI

are estimated, based on discussion with CASI personnel.



Table 3. LTRS/ICASI Comparison (May 1998)

LTRS CASI
Unrestricted documents 1,400 2,300,000
Restricted documents 0 1,200,000
CY 1997 documents distributed 71,000 24,000
Direct user cost per document $0 $8 - $83 (standard price codgs,
domestic destination)

Using Langley'sserverlogs, we examinedaccesse®f LTRS documentdor the calendaryear
1997. The serverlogs for LTRS measuredwo separatepoints of access. One log recorded
requestdor itemsin PostScriptformat, which for historical reasonsare servedthrough the file

transferprotocol (FTP). The other log included requestsfor Portable DocumentFormat and
hypertext markup language documents, which are served through http. The listznkedfrom

mostfrequentto leastfrequentlyaccessedtems. Itemsnot accessedvere not includedon either
list. Each log file entryncludedthe pathandfilenamefor the documentaccessedanda number
representing the total accesses to that file for the year.

In order to comaup with final accesshumbersfor one documentwe hadto consideraccesseo
multiple formatsof thatitem, which meantcombiningthe resultsof both log files. We examined
and compared the logs manually, to ensure the most accurate and careful approach.

Sincewe hadtwo setsof log files to consider(PDF and HTML, servedthroughhttp and PS,
served through FTP) we haol comparefile namesacrossthe two lists. In somecaseswherea
particulardocumentwas availablein all file types(PDF, HTML, and PS), multiple accessesor

one item might occur in the samelog. We carefully examinedeachentry and ensuredthat it
represente@ unigueinstantiationof that document. In caseswhere a particulardocumentwas
representednorethanoncein the samelist, we addedup the total numberof accessegor that
documentin that list, and then combined the sum with the accessedrom the other list.
Fortunately,the file namesfor different formats of the samedocumentfollowed a consistent
pattern,so the documentscould be identified fairly easily. For example,the paper“Accessing

NASA Technology with the World Wide Web” is available in PRF, andHTML formats. The

log file entries for these three formats are similar enough to be easily identified, as is shown below
/ pub/ t echreports/| arc/ 95/ NASA- i eee- aes- 95p7-13. ps. Z
/1 trs/ PDF/ NASA- | eee- aes- 95p7- 13. pdf

/'l trs/ papers/ NASA- i eee- aes-95p7-13. ht m

However, there were cases that required close examination to deténalirrEcessiumbersfor a
document. HTML format items were more difficult than other types. Since many items are
submittedto LTRS by the original authors,there is not always consistencyin how they are
presentecbr formatted. Sometimesauthorswould break one HTML documentinto multiple
pages, and each page wotudn up in the logs with a numberof hits. By looking closelyat the
log file and comparing it to the actual item on LTRS, we could tell wiewere dealingwith one
of thoseitems. To comeup with afinal countfor thoseitems, we would take an averageof the
hits for eachpage,or count the accesse®n the first pageof the documentas total document
accesses.

There were also caseswhere, in addition to multiple formats, some items had supplementary
material available online. We could usually identify these in the logs because they difflerent
formats (such as ASCII) or had names indicating their nature (e.g., NASA-95-tm4648-
appendixA.html). With thoseitems, we would generallydecideon a caseby casebasisif the



natureof the supplementarymaterial warrantedadding numbersto the main document’scount.
This situation was uncommon and did not greatly impact the document counts.

After extensiveexaminationof the two logs, we determinedthe top 50 items requestedhrough
LTRS andcompileda masterlist. For eachof these,we revisited LTRS to make sure we had
correctly consideredll formatsin compiling the accessaumbers. We also recordeda complete
citation for each item from the bibliographic information provided.

The next stepwasto conducta citation analysisof the top 50 itemsby simultaneouslysearching
ScienceCitation Index and Social Sciencelndex throughthe DIALOG system. We searchedor

each of the 50 items using the Cited Reference (@RI, which searcheshe works referencedn

a particularpaper. We usedthe EXPAND commandto rule out overlookeditems by browsing.
When we identified a match, we usedthe SELECT commandto chooseapparenthits, then
displayedand savedthe relevantrecordsfor further analysis. A samplesearch,showing proper
search syntax, is displayedkigure 2. In this samplecase,we were searchingor citationsto a

1995 NASA report by Zachary Applin. Item E5 in the EXPAND results lists is an apparent match.

The citation indexdatais very minimal, and may or may not include completeinformationon the
cited work. For this reason, it is often impossibleléerminethe type of sourcecited (i.e., print
or electronic)from the cited referenceinformation alone (Harter, 1996). Since all of the items
available through LTR@&re availablein print formataswell aselectronic,we looked at the citing
work for all the items to see if we could determine which versiorbeadreferencedy the citing
author.

?e cr=applin zt, 1995

Ref Items |ndex-term

El 1 CR=APPLIN RVK, 1910, MACHI NE GUN TACTI CS

E2 1 CR=APPLIN RVK, 1910, V54, P383, J ROYAL UNI TED SE
E3 0 *CR=APPLI N ZT, 1995

E4 1 CR=APPLIN ZT, 1995, TM4583 NASA

E5 1 CR=APPLIN ZT, 1995, 110148 NASA ™™

E6 1 CR=APPLIN, 1974, CASE, RACE RELATI ONS BQARD

E7 1 CR=APPLIN, 1975, CASE, RACE RELATI ONS BD

E8 1 CR=APPLING AJ, 1974, P457, 5THP INT CAMLIQ S
E9 1 CR=APPLING AJ, 1977, V269, P569, NATURE

E10 1 CR=APPLING AJ, 1979, LR311AP W SPRI NG LAB

Ell 1 CR=APPLING AJ, 1979, WSL LR311AP WARR SPR

E12 25 CR=APPLI NG D, 1981, V91, P1259, LARYNGOSCOPE

Figure 2. Sample search of DIALOG citation indexes

The next step in the project was to compare LTRS accestteactualrequestdor hard copiesof
similar items through NASA CASI’s document delivesgrvice. We first hadto determinewhich
of the top 50 items were actually available through CASI, since not all itemsin LTRS are
distributedvia formal NASA channels. We identified the availability of the items by checking
NASA CASI’s online information system, RECONpludemsthat canbe orderedthroughCASI
have an availability statement and price code in the bibliographic record, which timakesasyto
identify. Of the top 50 itemd,9 were availablefor orderingthroughCASI. We contactedCASI
to obtain their 1997 ordering statistics for those 19 items.



We also asked CASI to identify their top requested items from 1997did\fet askthemto limit
their list to Langley-originateddocumentdor severalreasons. First, it would havebeendifficult
for themto identify works originatingat Langley, sincefor sometypesof material(for example,
ContractorReports)the responsibleNASA centeris not explicitly defined in the bibliographic
information. Since CASI tracks their documentsrégortnumberor accessiomumber,this type
of statisticis difficult to gather. Second,we felt that by getting CASI's "top sellers,” we could
view our LTRSnumbersin the wider contextof total materialsprovidedto the public by NASA.
As CASI providestwo typesof documentdelivery, initial distribution of items and on-demand
requestsfor specific items, they track both in their statistics. We received statisticsfor both
categories of items provided through CASI in 1997.

Findings
LTRS Accesses

Appendix A summarizes Langley's top 50 most requested LTRS iterh89@r The tableshows
the itemsin order from mostto leastaccessesnd includesa brief bibliographic citation, total
accesxount,andlist of availableformatsfor eachitem. It also indicateswhethereachitem is
available through CASI's document delivery service. AcoessbersthroughLTRS demonstrate
that the system received significant activity in the 1997 calendar Yeartop requestediocument
was requesteds72 times and eachof the top ten items had over 400 accesses.For the entire
collection of approximately1400 documentsthere were over 71,000 documentdeliveries by
LTRS in 1997.

There are caveats when considefdifitRS accessaumbers. First, no attemptwas madeto throw
out "testing” accessespeopledriving up their own accesscounts, usersreloading documents
becausef difficulties with afile, etc. Second,accessearenot normalizedwith respectto time
available. Thatis, a papermadeavailableon LTRS in November1997will have less chanceto
collect hits than a 1995 paperthat was availablethroughall of 1997. Third, there are special
considerations with http traffichttp serversare susceptibldo hits by robots, which could inflate
the accessnumbers slightly.  Access numbers for items served via http could also be
underrepresentedueto cachingproxies(or client caches,or mirror sites) returning a requested
item out of the cache rather than from RS server. Also, someauthorschooseto maketheir
items available frontheir own local servers,which would deflateour http numbers. Finally, the
"browsability” factor of http-served items, especially HTML files, needsetoonsidered. HTML
items especiallyare more likely to be picked up by a robot or browsed becausethey are
"convenient”; these hits do not necessarily reflect serious interest on the part of a user.

Citation Analysis

Citation analysisof the top 50 requestedtems through LTRS did not demonstratesignificant
results. Table 4 showssammaryof results.Only 11 of the 50 itemswere cited. We could not
conclusively determine the impact of the LTRS versions of these works through citation amalysis
examination of the citing works. Most of the citingrks appearedo refer to printedversionsof
these items; i.e., a traditional print citation format, including page numbers, was used.

For a few of the citationgspeciallythe NASA reports,it wasimpossibleto determinewhethera
print sourceor an electronicsourcewas consulted,since only the report titte and numberwere
included in the citation. Even for these, the lack of a URIhétitation might suggesthe printed
source was consulted; however, there are many reasons why authors might notitdRide a
citation. No acceptedstyle for specifying on-line versionsof publicationshas emerged,and
journals vary intheir permissiveneseegardingURLSs in citations. Anotherconsideratioris most
authors do not include an item's availability in thefations. Somespecializedoublications,such



as bibliographies,might state where the cited works could be obtained,but most authors of
scientific works do not include suchinformationin their list of references. Finally, since LTRS
does include bibliographic information for its items, it is possible that an author wha TR&Xo
obtain a paper might merely copy the bibliographic citation provided without noting the Ti..
occurrencewould be impossibleto identify since an LTRS citation looks like a "traditional”
citation, down to the volume and page number of the print source.

Conversely, although the presence of a URE citation would not meanthata DL was usedfor
initial discovery of the report, it does imply DL awareness. Even iathiorsreceiveNASA STI
from hardcopy sources or collegial softcopy sources, the presence of
http://techreports.larc.nasa.gov/ltrs/ in the citation does imply knowledge of, and
advertise to others, the existence of LTRS.

Table 4. Citation Analysis Results

Rank (from | Author(s) and source Number of | Apparent Format of Work Referenced
Appendix A) Citations
Print Electronic | Unclear  from
Citation

4 Nelson et al., Internet| 2" 2 - -

Research 5(2): 25-36
9 Dean, AACE Transactions] 1 1 - -

D.4.1-D.4.6
10 Storaasli,et al., International| 6 6 - -

Journal of ComputeBystems
in Engineering, 4(4-6): 1-10

20 Nemeth, NASA-TP-3587 1 1 - -

21 Applin, 1 - - 1
NASA-TM-110148

25 Stoorasli, AIAA Paper 96-| 1 1 - -
1505

34 Kaplan and Nelson, 2 - - 2
NASA-TM-109025

38 Nelson and Bianco, 2™ |1 1 - -
WWW Conference: 701-710|

44 Dean, Intl Engineering| 1 1 - -
Management Conference '92

47 DiVito and Roberts, 1 - - 1°
NASA-CR-4752

49 Palmer et al., 1 - - 1

NASA-TM-109171

1. Self-citations
2. Cited as "in press"”

The limited observedmpactof the citation datais disappointing but not completelyunexpected.
As depicted inFigure 1, many of the citationsto NASA publicationswill lie outsidethe scopeof
SCI.

For comparison purposes, \attemptedo estimatethe numberof NASA citationsthat do appear
in SCI. Thisis aroughestimatefor severalreasons. First, althoughNASA DLs containmore
than just NASA reports (e.g., meeting papssmpriseas muchasonethird of LTRS’ contents),
we can only search SCI for NASA reports, not NASA authgoachal articlesor meetingpapers.
Furthermoreunlike journals,citation methodologyfor technicalreportsvarieswidely, and SCI

10



containsmany NASA citations that are incomplete(i.e., many citations are simply attributedas
“NASA Report” or just “NASA” with no document numbers giveriVe searchedCl for papers
that cited NASA publicationsauthoredbetween1990-1999(of which there are approximately
26,000). Of those papers,all of their citations were pulled together (approximately 8000
citations),andwe took the top 50 NASA citations(AppendixB). Surprisingly,eventhoughthe
search was biased toward publications citing a NA§#ortfrom the 1990s, citationsto the older
material (1960s — 1980s) dominates the top 50 — only 4 @bth®0 citationsarefrom the 1990s.
The most cited NASA publication was 117 times and was published in 1974. Item 50 wag cited
times and published in 1989. Most of the &ipcited works were ConferencePublications(CPs;
NASA sponsoredconferenceproceedings)ReferencePublications(RPs; often textbook type
publications), andpecialPublications(SPs;SPswere usedfor technicalbooksand proceedings
prior to the use of the CP and RP series).

Comparison to CASI Orders
Our final point of comparison was LTRS accesses versus CASI ognsreviouslymentioned,
only 19 of the top 50 items requested through LTRS in 1997 are available through@ABbse

19, only 5 were requested from CASI1A97. Table5 givesthe total numberof ordersreceived
by CASI for each item.

Table 5. 1997 CASI Orders for Top LTRS Documents*

Rank (from | Author # of Orders via CASI
Appendix A) | and Brief Citation in 1997
11 B. N. Cox and G. Flanagan, NASA CR-4750. 5
14 Charles L. Ladson et al, NASA TM-4741 0
15 E. Bruce Jackson, NASA TM-110164 0
17 Mike C. Fox and Dana K. Forrest, NASA TP-3355 0
18 M. H. Lucy et al., NASA-TM-110470 0
20 Michael P. Nemeth, NASA TP-3587 0
21 Zachary T. Applin, NASA TM-110148 0
24 J. Delbrey, NASA CR-4747 3
26 R. J. Pegg et al., AIAA Paper No. 96-2918 0
28 J. E. Masters and M. A. Portanova, NASA CR-4751 1
32 S. S. Dodbele et al., NASA-CR-3970 0
34 JosephA. Kaplan and Michael L. Nelson, NASA TM- | O
109025 (Revision 1)
36 Stephen J. Alter, NASA CR-4772 0
40 Jaroslaw Sobieszczanski-Sobieskind Raphael T. Haftka, | O
NASA-TM-111250

41 Terrence S. Abbott, NASA TM-4744 0
45 I. Abel, NASA-TM-110311 1
47 B. L. Di Vito and L. W. Roberts, NASA CR-4752 0
49 Michael T. Palmer et al., NASA TM-109171 2

*NOTE: this table doesnot include items which are availablethrough CASI but were not availablein 1997, or
items which are available through CASI only as part of a larger document

To put these numbers in perspective, we looked at CASI's list of most frequently cielasfadr

1997. They included 28 items on thist (Table6). Of their top 28 items, their bestsellerwas
ordered 45 times and the last 7 items on the list were ordered 10 times.
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It is interestingto note that of CASI's top 28 items, only 6 are in paperformat, and none are
availablevia NTRS. The majority of theitemsin Table 6 are videotapeswith a few electronic
copiesof datasets. Since at the presenttime NTRS mainly servestextual material,it doesnot
appear that there is an extensive amount of overlap between items tindeogth CASI anditems
served via LTRS.

Although none ofCASI's top 28 itemsoriginatedfrom Langley ResearciCenter,we canusethe

numbers from Table 5 and Table 6 to project how frequently CASI delivered Langley documents

1997. The least requested item on CASI's list was accessed 10sinoésjously no publication
from Langley Research Center was ordered more than 10 times in 1997.

Table 6. Top 28 Items Ordered from CASI in 1997

Rank CASI Item Count | Responsible | Notes
Accession # Organization

1 19940027314 NASA-TM-109763 45 NASA HQ Videotape

2 19940017416 NASA-RP-1124 Rev 3| 33 NASA Goddard | Diskette or paper
format N/A via
NTRS

3 19950022986 NASA-TM-100622 29 NASA Johnson| Videotape

4 19960002194 NASA-SP-6105 26 JPL N/A via NTRS

5 19900009424 NASA-RP-1228 22 NASA Lewis N/A via NTRS

6 19950026963 NASA-TM-110819 17 NASA Johnson| Videotape

7 19960025967 NASA-TM-111372 14 NASA Johnson| Videotape

8 19940010766 NASA-TM-109420 13 JPL Videotape

9 19940010861 NASA-TM-109564 13 NASA Johnson| Videotape

10 19940010879 NASA-TM-109457 13 NASA HQ Videotape

11 19950012643 NASA-TM-110486 13 NASA Johnson| Videotape

12 19960025966 NASA-TM-111373 13 NASA Johnson| Videotape

13 19940009165 NASA-TM-109297 12 NASA Johnson| Videotape

14 19950017795 NASA-TM-110551 12 NASA Johnson| Videotape

15 19960000860 NASA-CR-4661 Pt. 1 | 12 TRW, Inc. | N/A via NTRS

(CA)
16 19960028547 NASA-TM-111618 12 NASA Johnson| Videotape
17 19890013955 Wilson, CharlesCornell| 11 Cornell N/A via NTRS
U. Thesis University

18 19940009167 NASA-TM-109298 11 NASA Johnson| Videotape

19 19940029282 NASA-TM-109835 11 NASA HQ Videotape

20 19960000861 NASA-CR-4661 Pt. 2 | 11 TRW, Inc. | N/A via NTRS

(CA)

21 19970027853 NASA-RP-1124 Rev. 4 11 NASA Goddard | Numeric data
N/A via NTRS

22 19940010849 NASA-TM-109449 10 NASA HQ Videotape

23 19940014506 NASA-TM-109364 10 NASA HQ Videotape

24 19940027299 NASA-TM-109751 10 NASA Lewis Videotape

25 19940029092 NASA-TM-109806 10 JPL Videotape

26 19950019004 NASA-TM-110576 10 NASA Johnson| Videotape

27 19960026020 NASA-TM-111371 10 NASA Johnson| Videotape

28 19960044559 NASA-RP-1311 10 NASA Lewis N/A via NTRS

A few caveatsshould be consideredwhen evaluating CASI's versus LTRS's statistics. A
significant portion of print NASA literature is widely availaifgeoughotherchannelssuchasthe
National Technicallnformation Service(NTIS) documentdelivery service, official government
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depositorylibraries, etc. This could have an effect on numbersfor LTRS and especiallyfor
CASI's document delivery services. Also, CASI disseminates a numhemsfautomaticallyvia
initial distribution. The exactnumberof copiesper publicationvaries,but from discussionwith
CASI personnel and from Kay, Pinelli & Barclay (199his numberis approximately200. It is
possiblethat documentrequestnumbersfor CASI might be lower becausehe "most important™
documentsare sentout automatically. In addition,journal or conferencepre-printsin LTRS are
distributed through their normaitpn-NASA channels. For the purposef this study, however,
we have no way of measuringhow much the initial distribution and non-NASA distributed
documents are actually used.

Retrieval Analysis

As Schwartz suggests,uncitednessdoes not equal useless(Schwartz, 1997). An explicit

assumption in citation analysis is that “useful” papers will raauthe publicationof more papers.
While this is true in the scientific realm, where the discoveriesare codified in publications,this

becomedesstrue in more engineering-orientedisciplines(Kennedy,Pinelli, & Barclay, 1997).
For example, if a NASA report results in few citatidgasleastwithin the scopeof the ISI citation

index), but contributes to the creation of a new aircraft compotefisefulness’clearly extends
beyond what citation analysis can capture.

Such a “technology impact” would lzehighly desirablemetric. However,this impactis difficult
to measure ani$ likely to havea large subjectivecomponent. It is unlikely that anyonebelieves
that citation analysisis the single metric for determiningimpact. However, it receivesmuch
discussiomperhapsecausat is simple and easily quantified. Citation analysisis an important
single metric in a spectrum of desirable metrics for determining the impact of a publication.

With the advent of DLs, it is now possible to measure another mBtiemumberof retrievals(or
disseminationsa publicationreceivesin a DL shouldbe reported ,whenpossible,along with its
citation data. This complimentary metric would yield additional informaggardingthe potential
impactof the publication. High retrievalsand high citations build a strongargumentfor a high
impact publication, just as low retrievals and low citations would suggestianlgaet publication.
It is perhapsdiscipline dependentf high retrieval/low citation is more significant than low
retrieval/high citation. We can define impact to be:

Impact = (W)(citation analysis) + (W(retrieval analysis) + ... + (\\Y(additional metrics?)

Where theweight values(W) arelocally definedor discipline specific,andthe valuesfor citation
analysisandretrievalanalysiscomefrom otheracceptedunctions. It seemdikely therearealso
additional, yet currently unspecified relevant mettie could be factoredinto impact,and so we
allow for their future inclusion.

Retrieval analysis has its own set of limitations. For one, without medswesinateautomated
retrievals (“robots”) with or without dubious intent (i.e., researchers writiripat to periodically

download their publications to drive up retrieval counts) the results wouldlaid. Also, given

the low direct cost of downloading a publication freorrentDLs, casualaccesdrom the curious
lay public could not be distinguishedfrom accessuy interestedpeers. Finally, the electronic
mediumitself could changeaccesatterns. For example,our personal experiencewith on-line

researchs thatwe downloadand print copiesof publicationsfor carefulreadingand annotation.
However,we often bookmarkcertain papers,and refer to the on-line copy when only a quick

reference is needed (it is often fadtean locating the annotatechard copy). The DL will seethis

asmultiple retrievals,whereast seemgo us this is actually a single logical retrieval. Retrieval

analysis requires further study to resolve these issues.
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Discussion

Our findingshaveinterestingimplicationsfor the disseminatiorof NASA STI andunderstanding
its use. There are striking differencesbetweendigital library accessesand documentdelivery
service orders: LTRS's top item for 1997 was accessed 672 times, while CASI's togr 1997
was requestedt5 times. It canbe arguedthat LTRS's electronicformat contributedto its higher
usage numbers. Users can browse or search, locate, download, @achsisemediately. They
do not have to take the time to identify an item, place an order, pay for the item, and ah#rwr
copy in the mail.

Although we were able to determine the access rate of digital libragrialand draw conclusions
about its use, using citation analysis we were unable to definitagthplishthe publicationimpact

of the LTRS digital library. Traditionalcitation analysisindicatesthat LTRS has had little to no

impact on the scholarly community. However, the limitations of citaimalysis,especiallyin the

arena of electronic information, makt@s a questionableconclusion. Clearly LTRS increasedhe

visibility of NASA STI — over 71,000disseminationsn 1997 attestto this. But what happened
with those 71,000 copiesRooking only at log files, it is impossibleto know but thereare some
explanations that we should consider:

- The DL disseminationdid resultin additionalcitations,but thesecitationsfall outside
the scope of the SCI.

- The DL disseminationsvere engineering applicationoriented,and did not resultin
“new” citations (in or outside the scope of SCI).

- It is too soon(in termsof traditional publicationlatency)for the DL disseminatiorto
show up in scope of SCI. Perhaps the citations are working their way upeithnical
reports, conferenceproceedingsand pre-printsto journal articles, where they will
appear at a latatate. Consideringthe biasof older reportsillustratedin AppendixB,
this seems to be plausible.

- The DL disseminationsare being used in “new” methods, such as educational
applicationsfor which we currently do not have a formal metric. Anecdotally,we
know of severaluniversity professorsthat indicate they use NASA DLs in their
courses.The LTRS and NTRS user feedbackforms also indicate a high level of
undergraduate and graduate use in term payegrarationprojectresearchand similar
applications.

- Relatedto the above,the group of usersmost comfortablewith using DLs as their
primary sourceof researchreferencematerialare still in school, or are junior staff
members who have not hit their full publishing stride.

- The NASA STI was retrieved by users, boligterminedhot to be of high enoughvalue
to warrantcitation. However, the concernsof quality and reliability put forth by
Ballard et al. (1989) are refuted, at leastfor the aerospace&ommunity, by Barclay,
Pinelli and Kennedy (1997).

- The low cost to retrieve documents fr@hs resultedin greatemumbersof retrievals.
Whereasretrieving a documentfrom a service like CASI is expensivein terms of
money and time, a DL is free and immediate. We would expectusersto be less
discriminatingin their information seekingbehavior.While this might be helpful to
facilitate multi-disciplinary discoveriesjt will resultin additionalretrievalsthat users
discard because of low relevancy.

- An interestedpublic accountedior someof the retrievals. The NASA DLs are not
featured resources f@ublic consumptiorsuchasthe popularNASA sitesfor images
of Mars and Earth, but the DLs do not discourageaccessby the lay public either.
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Unfortunately,from just log files, thereis no way to separateaerospaceesearchers
accessing LTRS from their home Internet Service Providers from the general public.

- Changingusagepatternsafforded by WWW accountedfor some of the retrievals.
When a report is needed for quick reference, accessing a booknasckgin the DL
might be easier than finding a papepy. This would appearas many retrievalsfrom
the view of the DL.

Anothernote of interestis that CASI andLTRS showedlittle overlapin the contentof materials
mostfrequentlyaccessedMost of CASI's top requestedtems were non-print materialssuch as
videotapesand datasets,and there were relatively few requestsfor print materials through
traditionaldocumentdelivery channels.It is unknownwhat percentageof STI requestsnclude
non-textual media. Does CAS8istributemore videotapesand datasetdecauseheseitemsarein

more demand than print publications, or do they distribute more of these materials R¥3lise
the only source for them and print publications are available elsewhere?

Related Work

Although there are number of similar projects, we found none that attemptedto assessthe

publication impact of a DL. Harter's electronic journal studies (Harter, 1996; Harter &1K87;

Harter, 1998) comethe closestto our approach. Harter has conducteda numberof studieson

electronic journal@ndtheir impactin the scientific community. In (Harter, 1996) he selected39

peer-reviewed, scholarly journals and conducted citation analysis on those titles. Hiné&btord
journalsavailablein both print and electronicformat, he could not determinefrom the citations
which version was being cited. Harter also compared citation ragisctlfy electronicjournalsto

print journalsin the samefield, and concludedthat mostelectronicjournalshave had little or no

impact on formal scientific and scholarly communication to dateadtaowledgeshowever,that

his goal was not to show significant results but to agbessirrentstateof affairs with electronic
journals. Harter also distinguishesbetween usage and impact, stating that although access
numberson web serversreflect a level of usage,they do not assessthe impact of electronic
journals on the advancement of knowledge or the scholarly communication and research.

There is a smalbut growing body of literaturethat focuseson digital library usageand statistics.
Zhao presentsthe design and architectureof the usage statistics collection and management
subsystem of the ELINOR electroribrary (Zhao,1995). Zhaobeginsby defining the needfor
usagestatisticsin the electroniclibrary environment. She statesthat usagestatisticsand the
processeseededto collect and evaluatethem have beenlargely ignoredin most digital library
projects. Zhao describes in detéwe methodsusedto collect statisticsfor the ELINOR electronic
library, including a discussionof the hardware,software, and processesieededto run their
statisticaldatabase. Her paperends by describingthe benefits that the ELINOR project has
experiencedy compiling statistics. Their usagenumbershavehelpedto identify most accessed
materials, provide feedback to publishers of the informatiadjustify the enlargemenbf certain
online collections. DL metrics is still a nascent research arbareis a D-Lib working groupon
metrics attempting to cooperatively develop the groundwork in this area (D-Lib, 1997).

In anotherpaperon statistics,Bertot, et al. (1997) discusseshe interpretationof web usage
statistics. They focus specificalbn the applicationof statisticsto governmentgenciesandtheir

use of Internetservices. Their article presentsa numberof log file analysistechniquesand
discussesssuesrelatedto the interpretationof log file data. Bertotet al. discusseda number of

interestingissuesrelatedto the useandinterpretationof log file data. For example they warned
that awarenesof script and counting errors is important, especially when using automated
compilersfor web serverstatistics. They also emphasizedhe importanceof knowing what to

measure in order to obtain proper user-based measures of Web and Internet services.
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Gaines et al. (1997) discuige changesn scholarlycommunitiesbroughtaboutby the increased
popularity of the Internet and World Wide Welbhey arguethat therehasbeenlittle study of the

human factoraspectof InternetandWeb use. Their article proposesa frameworkfor analyzing
the utility of Internetand Web servicesin the contextof the scholarly community. While their

approachmainly centerson humanfactors, they make someinterestingobservationsabout the

implications of electronic information on the future of traditional publishing.

Future Work

Someareasof future work areevident. First, bettermetricsfor digital libraries are needed.The
definition, capture and evaluation of metrics for digital libraries is still a newcénessearch. It is
more complexthan classicalinformationretrieval becauseof the complexitiesof the information
discovery process, which are hard to measure. Current meeasureonly discretestepsin this
processnot the overall succesof a userin locating a digital library resource(D-Lib Working
Group, 1997). The best metrics for use with digital libraries would be flexible enougpturea
user's approach to locating and retrieving information without becoming invasive.

Although accessegrovide an interestingway of looking at NASA report usage, it may be

necessaryto look at other methodsfor determiningtheir impact on the scientific and research
community. The developmenbf a better citation databasas anotherpossibleavenuefor future

work, althoughit would be an ambitiousproject. Therearea few researcherbeginningto look

into this moreclosely. For example,Cameron(1997) suggestshe developmenibf a universal
Internet-based citation database, not unlike what is depicted in Figure 1.

One area for further consideration is to perform citation analysis on our own LTRS colleltion.
CiteSeertool providesa method for automatically extracting and indexing the citations from
electronic files (Giles, et al., 1998We intendto use CiteSeeron our own collectionto discover
whetherour own authorsare usingthe literatureandif they areusing DLs to gain accesso the
literature. CiteSeer will allow citation analysis without the content restrictions of the I1SI index.

It was surprisingto find that most of CASI’s top requestedtems were non-print media. This
suggests that the current NASA Dare not meetinga needfor non-reportliterature. Ratherthan
develop separateDLs for many information types, we are seekinga way to combine the
informationtypesinto a single DL object. In a separateproject, we are developingan object-
orientedDL containerconstruct,buckets to allow for easyaggregatiorof relatedSTI. Buckets
will allow a single DL entry to containmany forms of STI, such as: reports, software, videos,
images, and datasets. Buckets are more fully detailed in Nelson, et al. (1999).

Conclusions

We compared the calendar year 1997 usage dfigftal library, LTRS, with that of the hardcopy
distribution centerNASA CASI. LTRS had holdings of approximately1,400 documentsand
distributed approximately 71,000 copies during the time period. In contrast, CASI had hofdings
approximately3,500,000documentsand distributed approximately24,000 copiesduring 1997.

The most popular items were accessed 672 and 45 times from LTRS and CASI, respectively.

A citation analysison the documentddistributedby LTRS showedalmostno impact. The top
article received 6 citations, with most receiving none. fossibleexplanationis that mostof the
material under consideration is not covered by the ISI science citation ihd&& containsmany
NASA technicalreportsand conferencepre-prints,and the ISI indexesonly selectjournals. In

partial response to this, we suggest the concept of “retrieval analysi@hjgementhe traditional
citation analysisfor determiningthe impactof a publication. However, there are many possible
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explanationdor “where did the 71,000 copiesgo?” Although this studyraisesat leastas many
guestions as it answers, it is hoped that it will provide a guide for future research into this area.

Areasfor future work include performingautomaticcitation analysisusing tools that can bypass
the limitations of the ISI index. Additionally, the high rate of non-pmetdiadistributedby CASI

highlights the needfor DLs to provide accessto multiple media formats. We are currently
developing buckets to handle this requirement.
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Appendix A. Top 50 Documents Requested Through LTRS in 1997

Rank

Citation

Accesses

Format(s)

Availablg
From
CASI?

Edwin B. Dean, Why Does it CostHow Much?, 1993 Aircraft Design, Systems,and
Operations Meeting, Monterey CA, AIAA Paper 93-3966, August 11-13, 1993 .

672

PS & PDF

No

Edwin B. Dean and Resit Unal, Elements of Designing for Cost, 2A¢9@spaceDesign
Conference, Irvine CA, AIAA Paper 92-1057, February 3-6, 1992.

647

PS & PDF

No

Duncan E. Mclver and Frederick R. Morrell, National Aero-Space Plane: Flight
Mechanics,75" Symposiumof the Flight Mechanics Panel on Space Vehicle Flight
Mechanics, Luxembourg, France, Paper #20, November 13-16, 1989.

604

HTML

No!

Michael L. Nelson, Gretchen L. Gottlich, David J. Bian&maronS. Paulson,RobertL.
Binkley, Yvonne D. Kellogg, Chris Beaumont,RobertB. Schmunk,Michael J. Kurtz,
Alberto Accomazzi,and Omar Syed, The NASA Technical Report Server, Internet
Research:Electronic Network Applicationsand Policy, vol. 5, no. 2, September1995,
pp. 25-36.

536

HTML

No

Resit Unal andedwin B. Dean, Taguchi Approachto DesignOptimizationfor Quality
and Cost: An Overview, Proceedings of the International SocieBacdmetricAnalysts
13th Annual Conference, New Orleans LA, May 21-24, 1991.

536

PS & PDF

No

Leonard M. Weinstein,Kathryn Stacy,Gerald. J. Vieira, Edward A. Haering, Jr. and
Albion H. Bowers, Visualization and Image Processingof Aircraft Shock Wave
Structures, First Pacific Symposiumon Flow Visualization and Image Processing
Honolulu, Hawaii, February 23-26, 1997.

495

PS & PDF

No

Edwin B. Dean and Resit Unal, Designingfor Cost, Transactionsof the American
Association of Cost Engineers, Seattle WA, June 23-26 1991, pp. D.4.1-D.4.6.

490

PS & PDF

No

Robert J. Pegg, Damadecurred on a Tilt-Wing Multipropeller VTOL/STOL Aircraft
Operating Over a Level, Gravel-Covered Surface, NASA TN D-535, December 1

PS & PDF

22

Edwin B. Dean, ParametricCost Estimating: A Design Function, Transactionsof the
33rd Annual Meeting of the American Associationof Cost Engineers,SanDiego CA,
June 25-28, 1989.

447

PS & PDF

No

10

Storaasli, Olaf O., Nguyen, Duc. T., Baddourah,Majdi. A. and Qin, Jiangning,
Computational Mechanics Analysis Tools for Parallel-Vector Supercomputers
International Journal o€omputingSystemsin Engineering,vol. 4, no. 4-6, Dec. 1993,
pp. 1-10.

441

HTML

No

11

B. N. Cox and G. FlanaganHandbookof Analytical Methodsfor Textile Composites
NASA CR-4750, March 1997.

433

PS & PDF

Yes

12

D. Creig Humes and Juliet Pao, ExperiencesFrom NASA/Langley's DMSS Project,
Fourteenth IEEE Symposium on Mass Storage Systems, Monterey, Cali®epiembe
15, 1995, pp. 182-189, In proceedings, Volume 1.

368

HTML

No

13

Edwin B. Dean, The Design-To-Cost Manifold, preserdéthe InternationalAcademy
of Astronautics Space Systems Cost Estimation Methodologies and Applications
Conference, San Diego CA, IAA-CESO-11(90), May 10-11 1990 .

368

PS & PDF

No

14

CharlesL. Ladson,Cuyler W. Brooks, Jr., Acquilla S. Hill and Darrell W. Sproles,
Computer Program To Obtain Ordinates for NACA Airfoils, NASA TM-4741,
December 1996.

349

PS & PDF

Yes

15

E. Bruce Jackson, Manu&br a Workstation-Basedseneric Flight Simulation Program
(LaRCsim) Version 1.4, NASA TM-110164, May 1995.

347

PS & PDF

Yes

16

C. C. Poe, Jr., H. B. Dextand I. S. Raju, A Review of the NASA Textile Composite§
Research, 38th AIAA/ASME/ASCE/AHS/ASC Structures,StructuralDynamics,and
Materials Conferenceand Exhibit Adaptive StructuresForum, Kissimmee,FL, AIAA
Paper No. 97-1321, April 7-10, 1997.

335

PS & PDF

No

17

Mike C. Fox and Dana K. Forrest, SupersonicAerodynamic Characteristicsof an
Advanced F-16 Derivative Aircraft Configuration, NASA TP-3355, June 1993.

316

PS & PDF

Yes

18

M. H. Lucy, R. C. Hardy, E. H. Kist, J. J. Watson andASWise, Reporton Alternative
Devices to Pyrotechnicsn Spacecraft,10th Annual AIAA/USU Conferenceon Small
Satellites, Logan, Utah, September 16-19, 1996.

290

PS & PDF

Yes®

19

Edwin B. Dean, Genopersistatinghe System,1993 Aerospace Design Conference
Irvine CA, AIAA Paper 93-1031, February 16-19, 1993.

273

PS & PDF

No

20

Michael P. Nemeth, Buckling and Postbuckling BehaviokaminatedCompositePlates
With a Cutout, NASA TP-3587,July 1996. Previously published in Buckling and
Postbuckling of CompositBlates,G. J. Turvey and I. H. Marshall, eds.,Chapmanand
Hall Ltd., Dec. 1994.

273

PS, PDF &
HTML

Yes

21

Zachary T. Applin, PressureDistributions From Subsonic Tests of a NACA 0012
Semispan Wing Model, NASA TM-110148, September 1995.

269

PS & PDF

Yes

22

Daryl L. Bonhaus, An Upwind Multigrid Algorithm for Calculating Flows on
Unstructured Grids, AIAA Paper 93-3392, 1993.

269

HTML

No

23

Edwin B. Dean, The Many Dimensionsof Program Management,presentedat the
FourteenthAnnual Conferenceof the International Society of Parametric Analysts,
Munich, Germany, May 25-27, 1992.

264

PS & PDF

No

20



24

J. Delbrey, Database of Mechanical Properties for Textile Compobif&SA CR-4747,
August 1996*

263

PS & PDF

Yes

25

O. O. Storaasli,Performanceof NASA EquationSolverson ComputationaMechanics|
Applications, Salt Lake City, Utah, AIAA Paper No. 96-1505, April 15-17, 1996

258

HTML

No

26

R. J. Pegg, B. D. Couch and L. G. Hunter, Pulse Detonation Engiriaduction System
Analysis, 32¢ AIAA/ASME/SAE/ASEE JointPropulsionConferenceand Exhibit, Lake
Buena Vista, Florida, AIAA Paper No. 96-2918, July 1-3, 1996.

257

PS & PDF

Yes

27

Robert J. Pegg andindrew B. Connor, Effects of Control-Respons€haracteristicoon
the Capability of a Helicopter for Use as a Griatform,NASA TN D-464, Septembe
1960.

244

PS & PDF

No

28

J. E. Mastersand M. A. Portanova,StandardTest Methods for Textile Composites
NASA CR-4751, September 1996.

243

PS & PDF

Yes

29

Michael L. Nelson and David J. BiancAccessingNASA TechnologyWith the World
Wide Web, IEEE Aerospaceand Electronic SystemsMagazine, vol. 10, no. 5, May
1995.

243

PS, PDF &
HTML

No

30

Neal T. Frink, Shahyar Pirzadeh aRareshC. Parikh, An Unstructured-GridSoftware
Systemfor Solving ComplexAerodynamicProblems Workshopon Surface Modeling,
Grid Generation, and Related Issues in CFD, Cleveland, Ohio, May 2995, (6.6MB)
In NASA CP-3291, pp. 289-308

230

PS & PDF

Yes

31

Edwin B. Dean, Correlation, Cost Risk, and Geometry, Proceedingsof the Fifteenth
Annual Conference ofhe InternationalSociety of ParametricAnalysts,SanFrancisco
CA, June 1-4, 1993.

226

PS & PDF

No

32

S. S. Dodbele, C. Rian Dam and P. M. H. W. Vijgen, Designof FuselageShapedor
Natural Laminar Flow, CR-3970, March 1986.

223

PS & PDF

Yes

33

R.D. Braun, R.A. Mitcheltree and F.M. Cheatwood Mars Microprobe Entry Analysis,
1997 IEEE Aerospace Conference, Snowmass, CO, February 2-6, 1997.

221

PS & PDF

No

37

JosephA. Kaplan and Michael L. Nelson, A" Comparisonof Queueing, Cluster and
Distributed Computing Systems, NASA TM-109025 (Revision 1), June 1994.

218

PS & PDF

Yes

35

David W. Sleight, Norman F. Knight, Jr. and John T. Wetxgluationof a Progressivd
Failure Analysis Methodology for Laminated Composite Structures, 38th
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials
Conference, Kissimmee, Florida, AIAA Paper No. 97-1187, April 7-10, 1997.

216

PS & PDF

No

36

StephenJ. Alter, The Volume Grid Manipulator (VGM): A Grid Reusability Tool,
NASA CR-4772

211

PS & PDF

Yes

37

Xiaoll Huai, RonaldD. Joslinand Ugo Piomelli, Large-Eddy Simulationof Boundary-
Layer Transitionon SweptWings, ICASE/LaRCWorkshopon Transition, Turbulence,
and Combustion, Hampton, Virginia, June 2--July 7, 1993

211

PS

No

38

Michael L. Nelson and David J. Bianco, The World Wide Web and Technology
Transfer at NASA Langley ResearchCenter,SecondinternationalWorld Wide Web

Conference: Mosaic and the Web, Chicago, IL, October 18-20, 1994, pp. 701-710}

206

HTML

No

39

Clarence C. Poe, Jr., Mechanics MethodologyTektile Preform CompositeMaterials,
28th International SAMPE Technical Conference,Seattle, WA, Nov. 1996, pp. 17,
(229KB) Appeared in Proceedingsof the 28" International SAMPE Technical
Conference, p. 324-338.

206

PS & PDF

No

40

Jaroslaw Sobieszczanski-Sobiesgkid RaphaelT. Haftka, Multidisciplinary Aerospace
Design Optimization: Survey of Recent DevelopmeBt&h AIAA AerospaceSciences
Meeting and Exhibit, Reno, Nevada, AIAA Paper No. 96-0711, January 15-18, 19

203

2

PS & PDF

Yes

41

Terrence S. Abbott, A Comparisonof Two Control Display Unit Conceptson Flight
Management System Training, NASA TM-4744, January 1997.

201

PS & PDF

Yes

42

R. B. Perry, D. A. Hinton and R. A. Stuever, NASA Wake Vortex Resefrchircraft
Spacing,35th AIAA AerospaceSciencesMeeting and Exhibit, Reno,Nevada, AIAA
97-0057, January 6-9, 1997.

198

PS & PDF

No

43

W. H. ProsserK. E. Jackson,S. Kellas, B. T. Smith, J. McKeon and A. Friedman,
Advanced, Waveform Based Acoustic Emission Detection of Matrix Cracking in
Composites, Materials Evaluation, vol. 53, no. 9, September 1995, pp. 1052-1058.

196

PS & PDF

No

44

Edwin B. Dean, Quality Function Deployment for Large Systems, International
Engineering Management Conference '92, Eatontown NJ USA, October 25-28, 19

9292

PS & PDF

No

45

1. Abel, Research and Applications In Structures at the NASA Langley Reséartkr,
TM-110311,January1997. Also presentedat the 37th Israel Annual Conferenceon
Aerospace Sciences, February 26-27, 1997, in Tel Aviv, Israel

191

PS & PDF

Yes

46

D. A. Naik, S. E. Krist , R. L. Campbell, V. N. Vatsa, P.G. BuningandL. M. Gea,
Inverse Design of Nacelles Using Multi-Block Navier Stokes Codes, 13th AIAA

Applied Aerodynamics Conference, SBiego, California, USA, AIAA 95-1820,June
1995.

184

PS, PDF
HTML

No

a7

B. L. Di Vito and L. W. Roberts,Using Formal Methodsto Assistin the Requirementd

Analysis of the Space Shuttle GPS Change Request, NASA CR-4752, August 1994.

177

PS & PDF

Yes

78

J. J. Korte, R. P. Westonand T. A. Zang, Multidisciplinary Optimization Methods for
Preliminary DesignAGARD Interpanel Symposium"Future AerospaceTechnologyin

the Service of the Alliance", Ecole Polytechnique, Paris, France , April 14-18, 1997.

175

PS & PDF

49

Michael T. Palmer, William H. Rogers, Hayes N. Press, Kar&atorella and Terence
S. Abbott, A Crew-CenteredFlight Deck Design Philosophy for High-Speed Civil
Transport (HSCT) Aircraft, NASA TM-109171, January 1995

174

PS & PDF

Yes

50

C. L. Blackburn, C. G. Lotts and B. H. Mason, A Users' Manual and Tutorial for
Performing COMET StructuralAnalysesUsing an Advanced User-FriendlyInterface,

173

NASA CR-201653, January 1997

PS & PDF

Yes

21




NoorwNhE

Full proceedings only available through CASI, not individual paper.

Item not in CASI's electronic database; could not assess availability.

Available through CASI as NASA-TM-110470.

Also includes computer files.

CASI also has older version of paper available, but Revision 1 was used for all statistical measurement.
Available through CASI as NASA-TM-111250.

This paper was not available through CASI in 1997, but another form of the paper has become available in 1998.

22



Appendix B. Top 50 NASA Publications Cited by a Journal Article Also Citing a

1990-1999 NASA Publication (SCI Data)

ouguet

NASA

P490,

ic air

ion

977

hnd

IRAS)

Rank Citations Report
Received

1 117 Hess, AAS-NASA symposium on the physics of solar flares, NASA SP50, 1964

2 105 Gordon, McBride, Computer program for calculation of complex chemical equilibfium
compositions, rocket performance, incident and reflected shocks, and Chapman-
detonations, NASA SP273, 1976

3 103 Johnston, Dietlein, Biomedical results from Skylab, NASA SP377, 1977

4 103 Leissa, Vibration of Plates, NASA SP160, 1969

5 77 Belton, West, Rahe, Pereyda, Time-Variable Phenomena in the Jovian System,
SP494, 1989

6 77 Hess, AAS-NASA symposium on the physics of solar flares, NASA SP50, 1964

7 65 Neugebauer, Solar Wind Five, NASA CP2280, 1983

8 62 Underhill, Doazan, B Stars with and without emission lines, parts 1 and 2, NASA
SP456, 1982

9 60 Jordan, The Sun as a star, NASA SP450, 1981

10 59 Leighton, Neugebauer, Two-micron sky survey - A preliminary catalog, NASA
SP3047, 1969

11 55 Sonett, Coleman, Wilcox, Solar wind, NASA SP308, 1972

12 53 Leissa, Vibration of shells, NASA SP288, 1973

13 50 Burgess, Douglass, Into the thermosphere: The atmosphere explorers, NASA S
1987

14 48 Gnoffo, Gupta, Shinn, Conservation equations and physical models for hypersor]
flows in thermal and chemical nonequilibrium, NASA TP2867, 1989

15 32 Knodo, Mead, Chapman, Advances in Ultraviolet Astronomy: Four Years of IUE
Research, NASA CP2238, 1982

16 31 Star Formation in Galaxies, NASA CP2466, 1987

17 31 Hemenway, Millman, Cook, Evolutionary and physical properties of meteoroids,
NASA SP319, 1973

18 31 Johnston, Dietlein, Berry, Biomedical results of Apollo, NASA SP368, 1975

19 30 Kundu, Woodgate, Energetic Phenomena on the Sun: The Solar Maximum Miss
Flare Workshop. Proceedings, NASA CP2439, 1986

20 30 Brauer, Cornick, Stevenson, Capabilities and applications of the Program to Opfimize
Simulated Trajectories (POST). Program summary document, NASA CR2770, ]

21 30 Sorenson, A computer program to generate two-dimensional grids about airfoils
other shapes by the use of Poisson's equation, NASA TM81198, 1980

22 29 Apollo 16 preliminary science report, NASA SP315, 1972

23 29 Wolff, The A-stars: Problems and perspectives. Monograph series on honthermd
phenomena in stellar atmospheres, NASA SP463, 1983

24 28 Weinberg, The zodiacal light and the interplanetary medium, NASA SP150, 196]

25 28 Gehrels, Physical studies of minor planets, NASA SP267, 1971

26 28 Code, The scientific results from the Orbiting Astronomical Observatory (OAO-2
NASA SP310, 1967

27 26 Zwally, Comiso, Parkinson, Campbell, Carsey, Gloersen, Antartic sea ice, 1973
1976: Satellite passive-microwave observations, NASA SP459, 1983

28 24 Beichman, Neugebauer, Habing, Clegg, Chester, Infrared astronomical satellite
catalogs and atlases (Volumes 1-7), NASA RP1190, 1988

29 24 Free Turbulent Shear Flows. Volume 1: Conference proceedings, NASA SP321

30 24 Kessler, Reynolds, Anz-Meador, Orbital debris environment for spacecraft design

pd to

operate in low Earth orbit, NASA TM100471, 1988

23



31 23 Hollenbach, Thronson, The Interstellar Medium in External Galaxies: Summarieg of
contributed papers, NASA CP3084, 1990

32 23 Gnoffo, An upwind-biased, point-implicit relaxation algorithm for viscous,
compressible perfect-gas flows, NASA TP2953, 1990

33 22 Shrader, Gehrels, Dennis, The Compton Observatory Science Workshop, NASA
CP3137, 1992

34 22 Oegelmann, Wayland, Lectures in high energy astrophysics, NASA SP199, 196p

35 22 Galler, Schmidt-Koenig, Jacobs, Belleville, Animal orientation and navigation, NASA
SP262, 1972

36 22 Donn, Mumma, Jackson, Ahrean, Harrington, The study of comets (parts 1 and p),
NASA SP393, 1976

37 22 Rogallo, Numerical experiments in homogeneous turbulence, NASA TM81315, [1981

38 21 Walborn, Nichols-Bohlin, Panek, : International Ultraviolet Explorer Atlas of O-
typespectra from 1200 to 1900 angstrom NASA RP1155, 1985

39 21 Yee, A class of high resolution explicit and implicit shock-capturing methods, NASA
TM101088, 1989

40 21 Yee, Upwind and symmetric shock-capturing schemes, NASA TM89464, 1987

41 20 Tarter, Chang, Defrees, Carbon in the Galaxy: Studies from Earth and Space, NASA
CP3061, 1990

42 20 Schmitt, Miura, Approximation concepts for efficient structural synthesis, NASA
CP2552, 1976

43 20 Berger, Seltzer, Tables of energy losses and ranges of electrons and positrons, NASA
SP3012, 1964

44 20 Sandage, Bedke, Atlas of galaxies useful for measuring the cosmological distance scale,
NASA SP496, 1988

45 19 Gupta, Yos, Thompson, Lee, A review of reaction rates and thermodynamic and
transport properties for an 11-species air model for chemical and thermal
nonequilibrium calculations to 30000 K, NASA RP1232, 1990

46 19 Abramson, The dynamic behavior of liquids in moving containers, with applicatigns to
space vehicle technology, NASA SP106, 1966

47 19 Nadel, The effects of vibration, NASA SP191, 1962

48 19 Ludwig, Malkmus, Reardon, Thomson, Goulard, Handbook of infrared radiation fijom
combustion gases, NASA SP3080, 1973

49 19 Parkinson, Comiso, Zwally, Cavalieri, Gloersen, Campbell, Arctic Sea ice, 1973
1976: Satellite passive-microwave observations, NASA SP489, 1987

50 19 Cram, Kuhi, FGK stars and T Tauri stars: Monograph series on nonthermal
phenomena in stellar atmospheres, NASA SP502, 1989

Key:

SP — Special Publication; often textbooks or proceedings (prior to the CP series)
CP — Conference Publication; proceedings of a NASA sponsored meeting

RP — Reference Publication; a more recent designation for textbook-like publications,
replacing the SP series for this use

TP — Technical Paper; a formal publication, the NASA equivalent of a journal article
(regarding review and editing received)

TM — Technical Memorandum; a less formal publication intended for rapid
dissemination, what is generally associated with the term “technical report”

CR — Contractor Report; generally a TP or TM equivalent that has no NASA authors

24



